Targeted gene delivery to the mouse brain by MRI-guided focused ultrasound-induced blood-brain barrier disruption.
This study aimed to investigate the feasibility of targeted gene transfer into central nervous system (CNS) by MRI-guided focused ultrasound-induced blood-brain barrier (BBB) disruption. Before each sonication, T2-weighted images were obtained to select the target region. Followed by injecting DNA-loaded microbubbles into the tail vein, sonication was performed. The state of local BBB, distribution of plasmid DNA through the opened BBB, the ultrastructural changes of neurons and BDNF expression were detected. The results showed that MRI-guided focused ultrasound (FUS) could accomplish noninvasive, transient, and local BBB disruption, at 1h after sonication, plasmid DNA across the opened BBB had been internalized into the neurons presenting heterogeneous distribution and numerous transparent vesicles were observed in the cytoplasm of the neurons at the sonicated region, suggesting vesicle-mediated endocytosis. At 48 h after sonication, the expressions of exogenous gene pBDNF-EGFP were observed in the cytoplasm of some neurons, and BDNF expressions were markedly enhanced by the combination of ultrasound and pBDNF-EGFP-loaded microbubbles about 20-fold than that of the control group (P<0.01). The method by using MRI-guided FUS to induce the local BBB disruption could accomplish effective targeted exogenous gene transfer in CNS. This technique may provide a new option for the treatment of various CNS diseases.